Na+-dependent active transport of sugar by the intestinal epithelial cells has been extensively studied by many investigators by using a variety of methods. These studies have established that actively transported sugars are co-transported with Na+ across the brush border membrane and electrochemical potential gradient of Na+ across the membrane is essential for the uphill movement of sugar molecules across the membrane (Schultz and Curran 1970; Hopfer et al. 1975; Crane 1977) .
For the detailed study of Na+-sugar interaction at the brush border membrane, kinetic studies are of great importance. The kinetic study requires accurate data of the initial influx of transported substances. Schultz et al. (1967) developed very useful methods for measuring initial influx of amino acids in the rabbit ileum, and by using the same methods, Goldner et al. (1969) have made clear the kinetic properties of 3-0-methyl glucose influx across the mucosal border of rabbit ileum. However, similar study has not been reported for other animal species.
In the present study, it was attempted to clarify the properties of galactose influx across the mucosal border of guinea pig ileum by using methods somewhat different from those of Schultz et al. (1967) . A part of this report deals with methodological problems and the other part deals with the results of kinetic study. In conclusion, the kinetic properties of galactose influx in guinea pig ileum is very similar to those of 3-0-methyl glucose influx in rabbit ileum (Goldner et al. 1969) and the data support the view that the sugar molecules are transported across the membrane only in the form of the ternary complex (sugar-Na-carrier).
METHODS

Preparation.
Guinea pigs of both sexes, weighing 600-900 g, were used. The animals were anesthetized with urethane (1 g/kg body weight, intraperitoneal injection), and the abdominal wall was opened after a midline incision. Usually, inhalation anesthesia with ether was complemented during the surgical operation.
The ileocaecal region was pulled out of the cavity and the distal half of the ileum, about 15 cm in length, was excised first after the ligature of supplying blood vessels. The other part of the intestine was put back into the abdominal cavity, and the abdominal wall was closed with clamps.
After the first series of experiments with the distal ileum, usually 1.5 hr later from the first resections, the proximal ileum was excised for the second series of experiments. The isolated ileum was divided into 6 small segments of about 2 cm in length and rinsed with oxygenated buffer solution.
For the measurements of the initial influx across the mucosal border, the author employed everted sac preparations which were similar to those employed by Malathi et al.
(1973) (Fig. 1) . A polyethylene tube of 6 mm in diameter was used for fixing the everted intestine. The lower end of the tube was blind. At first, one end of an uneverted ileal segment was ligatured over the blind end portion of the tube at the level marked "a" . Then, the intestine was pushed upward along the tube by fingers to evert it, and the everted intestine was ligatured at the marks "b" and "c". The distance between b and c was 10.6 mm so that the serosal area between the two ligatures was 2 cm2. The tissue other than this area was cut off. In order to prevent undesired shift of the ties from the marked levels, each level was tightly covered with parafilm and a small groove was provided at each mark beforehand.
It took about 2 min to complete the preparation of one segment. During that time, tissue was frequently rinsed with oxygenated buffer to avoid anoxia and drying.
In some experiments where the effect of Na+ concentration in the serosal solution was examined, a polyethylene tube with six fenestrations (diameter of each fenestration was about 1.5 mm) at the area to be covered with the intestine was used.
Ringer's solution. The standard Ringer's solution used contained 50 mM Na2SO4, 2.5 mM KHCO3, 0.25 mM KH2P04, 1 mM MgSO4, 1.5mM CaSO4, 20 mM Tris (H,S04) (pH Fig. 1 Damage of tissue due to blotting and regional difference . In order to check as to whether or not the tissue is partly damaged by blotting or some sugar taken up by the tissue leaks out during the blotting, the pieces of filter paper used for blotting were assayed for 14C and 3H . The ratio of 14C to 3H was not significantly different from that of the incubation medium, indicating no such damage or leaking out had occurred . The appearance of radioactivity in the serosal fluid was not determined . 
RESULTS
Mannitol space. Mannitol space was not dependent on the concentration of mannitol added to the mucosal medium as shown in Table 1 . This seems to exclude the possibility that mannitol may bind to the tissues or may be taken up by the tissue through some saturable mechanism . Also, mannitol space did not differ significantly when measured at 30 sec , 1 and 2 min after the start of incuba tion (Fig. 2) . Therefore, extracellular space of the mucosal surface is considered to equilibrate with mannitol in the mucosal medium within 30 sec . It will be The everted ileal preparations were immersed in the standard medium (100 mM Na) containing 5 mM galactose.
Each value is meanfs.E. (n=4).
shown later (Table 3 ) that even at higher concentrations, mannitol does not inhibit carrier mediated uptake of galactose at all. Mannitol and galactose are similar in molecular weight, solubility and diffusion coefficient in water. Accord ingly, mannitol was employed as the marker of "apparent extracellular space" in the present study. The amounts of galactose and Na+ taken up by the tissue were corrected for mannitol space in each tissue.
Time course of tissue uptake of galactose. Time course of galactose uptake across the mucosal border was determined in a medium containing 100 mM Na+ and 5 mM galactose. The uptake was a linear function of time up to 2 min and the extrapolated line passed through the zero origin (Fig. 3 ). This observation indicated that the rate of tissue uptake of sugar was in the steady-state without lag, and that there was no backflux of the tracer from the cells to the mucosal medium during this period. Therefore, the unidirectional influx was determined by 2 min incubation in most experiments or by 1 min in some experiments.
Effect of serosal Na+ concentration on galactose influx. There are controversial views on the effect on mucosal sugar influx of the Na+ concentration of the seroal side of the small intestine. Smulder and Wright (1971) showed an inhibitory effect of lowering Na+ concentration, while Rinaldo et al. (1975) showed no effect of reduction in Na+ concentration. Therefore, the effect of Na+ concentration of the serosal side on the galactose influx across the mucosal border was examined in the present preparations. The serosal solutions of two different Na+ concentra tions, 12.5 mM Na+ and 100 mM Na+ were tested. There was no significant difference in the rate of galactose uptake between the two serosal solutions ( Table  2) . As there were thick unstirred layers in the serosal side of the tissue including the smooth muscle layer, it would be difficult to conclude from this result that the serosal Na+ concentration had entirely no effect on the mucosal uptake of galactose. Nevertheless, at least under the present conditions of incubation, the data seemed to show that the serosal Na+ concentration had little effect on the mucosal uptake of galactose.
Effects on galactose influx of replacement of mucosal Na+ by mannitol or other Effect of Na+ concentration in the preincubation medium. It was noticed that the conditions of the preincubation, especially the Na+ concentration in the preincubation medium, significantly influenced upon the uptake rate of galactose in the subsequent test incubation. For example, the uptake rate in samples preincubated in the medium containing 12.5 mM Na+ was significantly lower (25% less) than that of samples preincubated in 100 mM Na+ when the subsequent test incubation was examined in the medium containing 100 mM Na+ and 5 mM galactose (Table 4 ). This reduction of influx did not recover when 2 min incubation in 100 mM Na+ medium was inserted between the precinbuation in the low-Na Na influx. According to the "Na gradient hypothesis", uphill movement of a transported organic solute is assumed to be coupled with downhill movement of Na+ (Schultz and Curran 1970; Hopfer et al. 1975 ). Unidirectional influx of Na+ was measured both in the presence and absence of galactose in the mucosal solution and galactose dependent Na+ influx across the mucosal border was estimated at mucosal Na+ concentration of 25 mM. Since uptake of Na+ during 2 min was slightly smaller than twice that at 1 min, the tissues were incubated for 1 min. The values were calculated as described in the legend to Fig. 4 . The values were calculated as described in the legend to Fig. 4 . 
DISCUSSION
In the present study, everted sac preparations were used for the studies of properties of influx of galactose across the mucosal border of intestinal epithelial cells. The use of this type of preparations has enabled us to measure the influx only through the mucosal border (Wilson and Wiseman 1954). Moreover , the prepara tions employed in this study has following merits as compared with the conventional everted sac: 1) It is easy to transfer the preparations by hand quickly from one medium to another so that flux measurement of a short duration becomes more accurate. 2) All preparations can be incubated under the similar conditions of stirring with 02 bubbling by fixing the polyethylene tube at the middle portion of incubation medium. However, the use of "serosal area" to measure the mucosal amount of tissue has a defect that the difference in the degree of stretching between preparations cannot be corrected. This effect on the results cannot be measured at present. In the present study in guinea pig ileum, "galactose space" was not different from the mannitol space in the absence of Na+ in the mucosal solution, indicating that carrier-mediated galactose influx does not take place to any significant extent without Na.+ In rabbit ileum, when inulin was used for correcting the mucosal extracellular space, a small 3-0-methyl glucose uptake in the absence of Na+ was observed and this uptake was not inhibited by the presence of phlorizin or glucose (Goldner et al. 1969 ). Estep and Goldner (1974) also showed that galactose uptake in the absence of Na+ was not inhibited by the presence of phlorizin. Rinaldo et al.
(1975) recently observed in rabbit ileum that, in the absence of Na, bidirectional flux of 3-0-methyl glucose did not differ markedly from those of mannitol. These results indicate that both in guinea pigs and rabbits, carrier-mediated sugar influx does not take place in the absence of Na+ in the mucosal solution. On the other hand, carrier mediated uptake of actively transported sugar was observed in the absence of Na+ in hamster intestine (Crane et al. 1965; Bihler 1969 ). This discrepancy may be due to species difference or the difference in methods of preparation.
The properties of galactose influx across the mucosal border can be summarized as follows : 1) No galactose influx exists in the absence of Na+ in the mucosal medium. 2) Galactose influx comforms to Michaelis-Menten type kinetics at any Na+ con centration, and also the influx was the Michaelis-Menten type function of Na+ concentration in the medium. The results obtained in this study were analyzed according to the co-transport carrier model which was first proposed by Crane (1965) and reexamined in detail by Schultz and Curran (1970) . Among various models discussed by the latter authors, the model which have provided a satisfactory explanation for the characteristics of 3-0-methyl glucose influx in rabbit ileum (Goldner et al. 1969 ; Schultz and Curran 1970) also gives satisfactory explanation to the characteristics of galactose influx observed in the present study (Fig. 6) . In this model, the following assumptions are made : 1) Association and dissociation reactions of Na+ and galactose (S) with carrier (X) at the surface of the membrane is much faster than the rate of translocation of the carrier across the membrane. Therefore, reactions at the surface of membrane are assumed to be in equilibrium (dissociation constants: K1-K8).
2) The rate constants for translocation of loaded (XSNa) and unloaded (X) carrier (k+1, k-1, k+2, k-2) are to be equal (=P), and those of XS and XNa are negligibly small. 3) At the initial period of incubation, The experimental results obtained appears to conform to this equation . Equation
(1) can be rewritten as:
Equations (2) The calculated values of K1-K4 are qualitatively similar to those obtained in rabbit ileum in regard to K1<K4 and K 2<K3 (Goldner et al. 1969) . According to the model shown in Fig. 6 , this means that binding of one of galactose or Na+ to the carrier reduces the affinity of the carrier for the other . However, these values can be obtained on the basis of several simplified assumptions , especially, the assumption of equal rates of translocation of unloaded and loaded carriers . If this assumption is omitted, the values of K1-K 4 cannot be determined. When translocating velocities of the free carrier X are denoted as k+ 1 (from outside to interior) and k-1 (from interior to outside) and those of XSNa are k+ 2 and k-2 respectively, the values of K1-K4 become as follows (in mM) :
Thus the binding constants of Na+ and galactose to carrier (or site) can not be evaluated until these translocating velocities are determined.
Several investigators have shown that Na-coupled active transport of organic solutes by the rat small intestine decreases when the tissue was preincubated in a medium of low Na+ concentration. This decrease did not recover rapidly when the tissue was transferred to the medium of normal Na+ concentration (Robinson 1967; Newey et al. 1970 ). Robinson (1967) ascribed this effect to inhibition or destruction of sodium pump which was closely linked with amino acid accumulation within the epithelial cells. Newey et al. (1970) suggested that intracellular Na+ concentration was a critical factor and more important than the Na+ gradient in determining the rate of amino acid transfer across the luminal membrane. In rabbit ileum, however, no such inhibitory effect of preincubation in a low Na+ medium was observed (Schultz et al. 1967; Goldner et al. 1972 ). In guinea pig ileum, this effect was observed but it was relatively small as compared with rat small intestine. The influence of this inhibitory effect on kinetics was not evaluated in detail, but relatively small effect may not affect seriously the results of the present kinetic analysis. It seems natural to think that intracellular Na+ concentration of the tissue incubated in a low-Na+ medium should be smaller than that of the tissue incubated in a high-Na+ medium. If this is the case, the inhibitory effect of preincubation in a low-Na+ medium is incompatible with the prediction of Na+-gradient hypothesis (Crane 1965; Schultz and Curran 1970), and this problem remains to be clarified.
In the present model, the carrier is assumed to have one Na+ site and one galactose site, and galactose is assumed to be translocated across the membrane only in the form of the ternary complex. According to this model, Na+ influx coupled with galactose should always be equal to galactose influx. Experimentally observed stoichiometry was not significantly different from unity, therefore the data are compatible with the model. In rabbit ileum, Goldner et al. (1969) determined directly the coupling ratio of 3-0-methyl glucose influx to Na+ influx to be unity. Recently Simmons and Naftalin (1976) calculated the stoichiometry of 1:1 between galactose influx and Na+ influx by the measurement of the tissue isotope specific activity ratio together with bidirectional transcellular Na+ fluxes in the presence of 2,4,6-triaminopyrimidine. Although the difference was statistically insignificant, observed increase in Na+ influx was a little larger than galactose influx. It must be pointed out that, as discussed by Schultz and Curran (1974), and Schultz et al. (1974) , Na+ influx may be secondarily enhanced by the stimula tion of water absorption associated with active solute transport. Increase in water absorption may change the permeability of the junctional complexes or the tissue to Na+. It may also enhance the Na+ absorption by solvent drag effect, or concentrating and wash-out effect as the result of the presence of unstirred layer. These effects enhance the Na+ influx and may explain the trend of the coupling ratin determined in this study to be larger than 1. In our previous study (Hoshi et al. 1976b) , it was shown that the galactoseinduced increment of short-circuit current across the ileal tissue coincided with galactose influx across the mucosal border of the ileum of guinea pig. This seems to support the conclusion derived from the present kinetic analysis that Na+ and galactose are co-transported with the coupling ratio of unity as discussed below. As to the relationship between short-circuit current and amount of Na+ actively transported, Schultz and Zalsuky (1964, 1965) showed good coincidence in rabbit ileum. In rat (Tayler et al. 1968) or guinea pig small intestine (Binder et al. 1972 ), the coincidence was seen when Cl-and HCO3 were removed from the incubation medium. Also, in bullfrog intestine (Quay and Armstrong 1969), the coincidence was seen when examined in the SO2-4-medium. In the present experiments, the S02-4-medium was used as the standard medium, therefore, the increase in shortcircuit current observed in the study can be regarded as the increase in Na+ transport. Na+ entered into the cell with organic solutes may be extruded rapidly by a pumping mechanism at the basolateral membrane (Schultz and Zalsky 1964), therefore, the mucosal influx of Na+ may be always equal to the net transcellular flux of Na+. This may explain the coincidence of the increment of short-circuit current and the mucosal influx of galactose, if the coupling ratio between Na+ and galactose at the mucosal membrane is unity. 
